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Abstract 
Slip mechanism and plate theory were utilized to the investigation of computing formulas of five plate numbers. 
Column plate number and peak plate number were two different concepts. Peak plate number was a new concept 
which came from slip mechanism. A good relation existed between the peak plate number and the asymmetry of 
practical peak of chromatogram. Peak plate number could be regarded as an asymmetry index of chromatogram peak, 
as column plate number is regarded as an efficiency index of column. The plate in slip mechanism was mobile, which 
was different from the fixed plate in plate theory. The five plate numbers were four kinds of column plate numbers 
and one kind of peak plate number (q’); the four column plate numbers were theoretical plate number (n0), real plate 
number (n), plate-model plate number (q0) and slip-mechanism plate number (q).                                                                
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1.Introduction 
Modern chromatography is the very important method of analysis and separation in the research of 
biomedicine etc. and the researchers can obtain a great deal of scientific information by using 
chromatography. Among all sorts of chromatography theories, Martin-Synge’s plate theory is the most 
famous and well known, so that plate theory is introduced and discussed as basic theory of 
chromatography in many schoolbooks and monographs. 
In using plate theory, however, researchers often meet with two problems difficult to explain in theory. 
First, practical peak of chromatogram does not take on normal distribution (Gaussian distribution) 
described by the elution curve equation of classical plate theory. Second, with one serious tailing peak, 
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the plate number can be calculated to reach thousands or ten thousands. According to plate theory, 
however, even if plate number is hundred, the chromatogram peak should be normal distribution nearly. 
  For the first difficult problem, if the elution curve equation of slip mechanism substitutes for the 
Gaussian equation of elution curve in plate theory, the problem is readily solved[1].    
This paper discusses and resolves the second problem. Five plate numbers, their relationship and their 
calculating formulas are discussed first. These plate numbers are theoretical plate number (n0), real plate 
number (n), plate-model plate number (q0), slip-mechanism plate number (q) and peak plate number (q’). 
Then, the difference between column plate number and peak plate number is explained. The second 
problem above is resolved by use of the concept of peak plate number. About slip-mechanism plate 
number and peak plate number, we have discussed them [1]; by utilizing their physical image, we connect 
them to the usual plate number, i.e. theoretical plate number and real plate number, in this paper. This 
research aims at promoting the perfection of plate theory system, and making the theoretical explanation 
of plate model become more reasonable. 
2.Slip mechanism 
Slip mechanism model of chromatography: propelled by mobile phase, solute motion in 
chromatographic column comprises at least the two processes of slip motion and Martin-Synge partition 
motion. The slip motion is the mechanical migration of solute adsorbed at stationary phase surface under 
mobile phase propelling. Another process is the ceaseless partition motion of solute between the first 
adsorption layer and the second adsorption layer, Martin-Synge partition motion [2], which causes solute 
distribution in column to conform to the rule of binomial expansion.    
Suppose the mass fraction of solute in the first adsorption layer is x, the mass fraction of solute in the 
second adsorption layer is y, and the partition ratio is k’. k’=x/y. 
The mobile phase flow through the interstice among granules of stationary phase should be similar to 
the liquid flow through capillaries, and they should have velocity gradient in the perpendicular direction 
of flow. So, there is the velocity gradient between the first absorption layer and the second adsorption 
layer in slip motion. The partition motion in velocity gradient should change the original aggregation state 
of solute which is on entering column. The result of the motion should conform to Martin-Synge partition 
process, namely, the solute distribution in column should conform to the binominal distribution rule. 
Binomial expression: ppnpnp
n yxCA −=                                                                                             (1) 
When n is large, binomial distribution approximately obeys the normal distribution that ny=μ  and 
nxy=2σ  (De Moivre-Laplace theorem). 
 
                                                                                                                                                          (2) 
 
In equation (1) and (2), n is the number of times of Martin-Synge partition which has happened till 
certain time in chromatographic process, p is the some position in the normal distribution or binomial 
distribution. Equation (2) could express the elution curve after its property of variable is changed properly. 
Suppose the column outlet is at the qth plate, and the column plate number is q, like the means of plate 
theory. q is substituted for p in equation (2). Because  n increases continually in chromatographic process, 
n should become the variable in equation. Let c be the decrease in plate number owing to the effect of slip 
motion. Suppose the solute at column outlet is desorbed from the second adsorption layer and meanwhile 
flows out with mobile phase. Finally, when equation (2) is used for the elution curve, equation (2) should 
be expressed as equation (3).   
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                                                                                                                                                                (3) 
 
 
In equation (3), cy= c/y. In terms of property of binomial distribution, the relationship of q and y is as 
follows: q = nRy , Equation (4). 
nR is the number of times for Martin-Synge partition which happen until the time when solute 
distribution peak (the maximum concentration of solute) arrives at outlet of column. Equation (4) is 
substituted in equation (3), and then equation (5) is obtained. 
 
                                                                                                                                                                 (5) 
  
Equation (5) can be called plate equation of elution curve, because the variable in the equation is n, i.e. 
the number of times of Martin-Synge partition in plate for solute. In usual chromatogram, abscissa is t, the 
elution time, and the ordinate is detector response. So, equation (5) need be changed into time equation of 
elution curve, which is more easy to use. 
Given: a is the unit conversion factor, i.e. a factor to change times number of partition (n) into elution 
time (t). a means the number of times of Martin-Synge partition per unit time. The terms related to 
partition in equation (5) are multiplied by a and simultaneously divided by a. Equation (5) is invariant 
actually. 
 
 
 
Given:   nR/a = tnR , Equation (6). According to equation (6), tnR means the time when solute 
distribution peak (the maximum concentration of solute) moves to column outlet.  tnR is different from 
retention time tR, and generally larger than tR  slightly(the result of effect of column outlet). 
Given: n/a = t. Obviously, t is elution time, because n is the number of times for Martin-Synge 
partition. Given: cy /a = ct , Equation (7). tc  stands for apparent slip factor (generally, 0 < ct  < tnR). The 
larger its value is, the greater the loss of plate number is, in chromatographic process. 
 
 
 
Function f(n) is normalized equation. If the time equation f(t) also need be normalized, the equation is 
easy to prove:  f(t)=af(an/a)ˈand normalized equation f(t) is as follows.   
 
                                                                                                                                                                 (8) 
 
Given: B = ay/x, Equation (9). The area of chromatogram peak = A, and base line is at Y. Equation (8) 
can be changed into equation (10).   
 
                                                                                                                                                                (10)  
3.Plate number of slip mechanism and plate number of plate theory 
Equation (10) is the elution curve equation of slip mechanism. If ct = 0, that is to say, the solute slip 
motion is not considered or is neglected, slip mechanism model is changed into plate theory model and 
equation (10) is changed into equation (11), i.e. elution curve equation of plate theory[3,4].   
                                                                                                                                                                (11) 
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B in equation (10) is changed to B0 in equation (11), to show model variations. Equation (11), in fact, 
expresses a slight tailing peak, and its tailing degree is usually exceeded by real peaks. When equation (10) 
and equation (11) are used to fit one same elution curve, their f(t), which are the experiment data used for 
fit, are same correspondingly, and hence the two equations can be made to be equated. 
 
                                                                                                                                                               (12) 
 
Let t=tnR. By the character of exponential function, e0 =1, the exponential function in equation (12) can 
be eliminated. By using B=ay/x (equation (9)), atnR = nR (equation (6)) and nR y = q (equation (4)), we can 
obtain equation (13). 
                                                                                                                                                               (13) 
In equation (13), q is the column plate number of slip mechanism from equation (10), q0 is the column 
plate number of plate theory form equation (11).   
The calculating formula of real plate number (n) [4],                                  , is obtained through the 
treatment to simplify elution curve into Gaussian curve. The elution curve of equation (11) is not 
Gaussian, but is tailing peak. Because its tailing degree is very low, suppose          . 
                                                                                                                                                              (14) 
Reference [4] proves that the plate number of plate theory (q0) is very close to real plate number (n) in 
value. Equation (14) is substituted in equation (13), to produce equation (15).   
                                                                                                                                                              (15) 
Equation (15) is the calculating formula for plate number of slip mechanism.   
4.Peak plate number 
Owing to the effect of solute slip motion, column plate number is different from the plate number 
which is reflected by actual peak form (it will be called peak plate number, below). The slip motion could 
make actually contributing plate number become smaller. Suppose q’ is peak plate number. q’ should be 
column plate number (q) minus the decrease in plate number which is due to solute slip motion (c).   
                                                                                                                                                              (16) 
Utilizing equation (3), equation (7) and equation (4), we are able to obtain [5]:  c=qct/tnR.  So, equation 
(16) can be changed into equation (17). 
                                                                                                                                                              (17)  
Equation (15) is substituted in equation (17).   
                                                                                                                                                              (18)  
Equation (18) is the calculating formula of peak plate number (q’). 
5.Discussion 
5.1.Plate number of slip mechanism (q) 
As everyone knows, the plate in plate theory is fixed and immobile, for plate theory actually supposes 
the solute on the stationary phase (or in stationary phase) does not move ahead with mobile phase. The 
plate in slip mechanism is moveable, because slip mechanism supposes the solute at both the first and the 
second adsorption layers all could slip forward under mobile phase propelling. The first adsorption layer 
corresponds to the plate of plate theory in position, and the second adsorption layer corresponds to the 
mobile phase of plate theory in position. 
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As shown in Fig.1, the column has 100 plates, which are fixed and immobile according to plate theory. 
Solute has to pass the 100 plates to flow out off the column. According to slip mechanism, the first 
adsorption layer can be pushed forward by mobile phase. Owing to plate movement, solute (the maximum 
concentration of solute) moves to the plate that corresponds to the 50th of immobile plates, when the 
solute has come to the last plate of column (see B in Fig. 1). So the plate number is 50, and ct = 0.5tnR, (1-
ct/tnR) = 0.5. The term (1 - ct/tnR), therefore, could be called apparent effective coefficient of plate number. 
(The plate system of slip mechanism, in a sense, is like the very long train running through the tunnel in 
multiple ranges of mountains (the column and stationary phase), the carriage like the plate). 
 
 
Figure.1  Diagrammatic sketch of plate number 
5.2.Peak plate number (q’)   
q’ is the plate number reflected directly by peak form. It can be used to explain the character of peak 
asymmetry. 
There is the relative slip motion between the second adsorption layer and the first adsorption layer, 
according to slip mechanism. The interstices between grains of stationary phase form the structures which 
are analogous to capillary. Flowing fluid in capillary has flow velocity gradient in the perpendicular 
direction of flow. This property can results in the relative slip motion. 
  As B shown in Fig. 1, column plate number q = 50. When the peak plate number q’ reaches 25, the 
peak has reached the outlet of column (see C in Fig. 1) owing to the relative slip. This case corresponds to 
that other 25 plates are passed through by way of slip. 
Equation (17) indicates that peak plate number would be equal to column plate number when there is 
not the slip motion, ct =0. 
In our experiment, the apparent effective coefficient of plate number could reach downwards 0.1 or 
less for concrete tailing peak of chromatogram, and here peak plate number was one percent or one in a 
thousand of real plate number. If real plate number is tens of thousands, the peak plate number is dozen or 
dozens. The result confirms precisely the relation of plate number and chromatogram peak form, which is 
characteristic of plate theory. 
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